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1. INTRODUCTION

The cH-47 Medium Lift Hel icopter Effectiveness Evaluation Program
was developed by the U.S. Army TRADOC Systems Analysis Activity (TRASANA)
In support of a cost and operational effectiveness analysis (COEA ) for
assessing the effectiveness of CH-47 aircraft systems. The model was
written in FORTRAN IV for a UNIVAC System 1108 computer. Following

V completion, the model was used by TRASANA for the cited purpose during
the tenure of the 01-47 COEA.

The Systems Analysis Office, U.S. Army Aviation Systems Coniiiand
(AVSCOM), sought and obtained the CH-47 Medium Lift Helicopter Effective-
ness Evaluation Program from TRASANA. It Is now operational and is
being evaluated for possible application in determining the optimum
schedule for CH-47 aircraft.

1.1 Language

The 01—47 Medium Lift Hel icopter Effectiveness Evaluation Program
is written In FORTRAN IV , one of the high level computer languages.

1.2 Machine

The AVSCOM version of the CH-47 Medium Lift Helicopter Effectiveness
Evaluation Program Is written for and imp lemented on the IBM System
360/65 computer.

1.3 Memory Requirements

The CH-47 Medium Lift Hel icopter Effectiveness Evaluation Program
requires 120K 32-bit words of memory.

1.4 Description

The 04-47 Medium Lift Helicopter Effectiveness Evaluation Program
is presently composed of a main program and 10 subprograms (AVGEF’F,
BPPPAR, DAYSEQ , FLEETF, FLTHRS , PRINT), UNITF, RANDU, RANF, and FILL).

MAIN--The program that directs and controls the activities of the
subprograms. For example, calls the statistical routine to add the
current day’s performance to the previous day’s performance data and
computes a moving average ; and checks the 95 percent confidence limits ,
mean, and variance of performance for aircraft of type k.

AVGEFF——A subroutine that computes performance statistics (mean ,
var iance, and 95 percent confidence limi ts) for aircraft of type k
from the start of the computer run until Its termination In number of
sample (NOS#’L) days.

~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ V V V V V ~~~~~~~~~~~~~~~~~~



BMPPAR--A subroutine that is used to facilitate the sensitivity
analysis of the input variables. The input variable under investigation
Is Initially set at an assigned lower limi t and incrementally increased
until it reaches its assigned upper limit.

DAYSEQ—-A subroutine that generates the daily mission sequence to
be performed by an aircraft. The occurrence of a mission is based
upon a pre-established frequency distribution for a mission of type m.

FLEETF——A subroutine that calls In the six alternative fleet mixes
or number of units expected for each year of the analysis and calculates
fleet relative effectiveness by multiplying the rela tive effectiveness
of a type k aircraft times the number of type k aircraft In the fleet.

FLTHRS——A subroutine that computes the flight hours available
for an aircraft to perform its daily mission(s).

PRINT1——A subroutine that outputs the relative effectiveness of
aircraft of type k versus the MOE .

UNITF--A subroutine that calculates the relative effectiveness of
aircraft of type k which are assigned to a given organizational unit.

RANDU——A subroutine that calls a pseudorandom number generator.

RANF——A pseudorandoin number generator for producing random numbers .

FILL—-A table look-up of pseudorandom numbers which Is used to
verify computer runs which are accomplished at the organization which
developed this program.

The 01—47 Medium Lift Helicopter Effectiveness Evaluation Program
was designed to handle a maximum of five distinct CH-47 aircraft types
which may be exercised In any theater (Middle East, European, etc.).

Aircraft are assumed to operate out of table of organization and
equipment (TOtE) aircraft units with each pcssessing an assigned strength
and an homogeneous mix of aircraft (CH-47A , CH—47B, CH-47C, CH-47D, and
CH-53E). The general concept of operation is the following: Mission
profile data for the Middle East and European scenarios are defined. Daily
mission requests are exacted upon the various organizational aircraft
unit until each organizational aircraft unit’s preallotted time is
exhausted. CandIdate 01—47 aircraft are ranked in order of average daily
effectiveness values. Over a 20 year perIod, 6 alternate fleet mixes of

o aircraft are phased Into the CH—47 fleet. A relative effectiveness value
for a fleet of aircraft of a given mix Is determined by multiplying the
average relative effectiveness value for a CH-47 aircraft of type k times
the number of 04-47 aircraft of type k in a given year’s fleet mix for
each of the 20 years.

2
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A sensitivi ty analysis is performed. Each independent variable is
examined over a range. Each time the target variable is increased ,
the number of flight hours al lowed and MOE for CH-47 aircraft of type

-. . k to perform mission(s) of type m are calculated for each of NOSMPL.
days. Statistical performance measures (mean, var iance , and 95 percent
confidence limits) as a consequence of the mission profile data are
accumulated and saved for each day of the simulation , from the first
day through the last NOSMPL day.

The MOE, productivity, eff iciency, utilization ratio, miss ion
fill ratio, and load fill ratio , are calcula ted from daily performance
siminatlons and combined wi th the previous day’s MOE. The MOE and
relative effectiveness values are calculated and verified for N0S~~Ldays. The mean, variance, and 95 percent confidence limi ts are printed
along with the average daily relative effectiveness values for aircraft
type k over NOSMPL days.

The number of flight hours allowed (FHALOW) for a CH-47 aircraft
of type k to perform a mission oVf type in is computed as follows:

PP~TPER X PERAVL X EFFNCY X SHFTLN,
FHALOW MMHPFH X COMFAC

where

MNTPER--The number of maintenance personnel assigned to the target
aircraft maintenance support unit.

PERAVL--The percentage of the WITPER who actually supports the
target aircraft maintenance support unit.

EFFCNY--A number on the unit interval that is assigned to MITPER
to represent their relative proficiency for performing their duties .

SHFTLN--The number of clock hours expended by a given employee
during her/his regular work day.

*IHPFH--The number of standard man—hours per flight hour.

CONFAC——A number assigned to an aircraft unit to denote its
relative effectiveness for performing its dedicated mission(s).

3
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2. INSTRUCTIONS

2.1 Input Card Formats
V 

Below are complete input card layouts for the CH-47 Medium Lift
Hel icopter Effectiveness Evaluation Program. (Note that each card
layout also describes the target variables , parameters, or data
elements l isted thereon.)

ExhIbits 1 through 7 show the specific input card layouts for
the CH—47 Medium Lift Hel icopter Effectiveness Eval uation Program.
(Please follow the Instructions for preparing the Input cards literally.)

2.2 General

To exercise the Medium Lift Helicopter Effectiveness Evaluation
Program, proceed as follows:

a. Prepare the input data cards as prescribed under paragraph
2.1, Input Card Formats. 

V

b. Prepare the job control language (JCL) as prescribed in
Appendix B.

c. Arrange the input card data deck as shown in Figure 1.

d. Consolidate the JCL and input card data decks in the
appropriate manner.

e. Place the consol idated card dec k in the card reader
(read-in hopper) and press STOP, ABORT, RESET, END OF FILE, AND START
to read.

f. Remove the consolidated card deck from the card reader
(read-out hopper) and store In a designated place.

4
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3. APPLICATION

The CH-47 Medium Lift Helicopter Effectiveness Evaluation Program
may be used to obtain an estimate of the relative composite effective-
ness of a medium lift or possibly a utility helicopter system
(implying possibly a different value for a different confi guration
or series helicopter system) in the performance of its dedicated
mission(s). Note that the relative composite effectiveness of one
of these helicopter systems is extracted from a concept called MOE)
in this instance , principally and specifically, the mission fill
ratio , utilization ratio , load fill ratio , efficiency i ndex , and
productivity index. These MOE are purported to be among the foremost
indicators for measuring the relative composite effectiveness of a• CH-47 helicopter system. Additionally, this program may be used to
determine the sensitivity of the various MOE (which were cited above)
on the relative composite effectiveness of a CH-47 hel i copter system.



REFERENCES

1. Dlaz , Alfonso A.,, Arinando Flores , and Lawrence 3. McManus.
- •  Mediian Lift Helicopter (MLH) Effectiveness Evaluation Program.” U.S.

Army Training and Doctrine Conanand, White Sands Missile Range, New
Mexico, June 1975.

2. United States Army Training and Doctrine Coninand, and Un ited States
Army Materiel Conanand. Medium Lift Helicopter (MLH) CH-47 Modernization
Program Concept Formulation Package. Part I -— Executi ve Sumary.
Volume I. Fort Rucker, Ala bama: Medium Lift Helicopter Special Study
Group, United States Army Aviation Center, July 14, 1975.

3. 
_______________

... Part II -- Trade-off Determination/Trade-off
Analysis/Best Technical Approach (TOD/TOA/BTA). Volume II. Fort
Rucker , Alabama: Medium Lift Helicopter Special Study Group, United
States Army Aviation Center, Jul y 14, 1975.

4. 
_______________

... Part III —- Cost and Operational Effectiveness
Analysis (COEA) . Volume III. Fort Rucker , Alabama : Medium Lift
Hel icopter Special Study Group, United States Army Aviation Center ,
July 14, 1975.

5. 
_______________

... Part IV -- (S). Volume IV. Fort Rucker,
Alabama : Medium Lift Helicopter Special Study Group, United States
Army Av iation Center , July 1975.

6. 
________________

... Part III —- Appendices 0 through CC. Volume
V. Fort Rucker , Alabama : Medium Lift Helicopter Special Study Group ,
United States Army Aviation Center, Jul y 14 , 1975.

15

P~~~ ~~&~~P - I ~ ~~~~~~~~~~~~~~~~~ ..~~- — -  . .~~~~41 • 1- . . ~~~~~~~~~ - - .~~~ _.- . _ - - —



APPENDIX A

VARIABLE NAMES

‘S

r: ______ ~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~ - - V. - V •V - - - 
- -



VARIABLE NAMES

1.1 Input Variables

BLKTIM (K ,M)..... Given k-number of aircraft to satisfy the objective,
block time is the elapse In time from engine start
of the 1st , 2nd, •.., kth aircraft from the base of
origin (BOO) to the objective unti l the return and
landing of the last aircraft to the BOO.

COMFAC A number assigned to an aircraft to denote its relative
effectiveness for performing Its dedicated mission(s).

EFFNCY.......... A number on the unit inter val that is assigned to
MNTPER to represent their relative proficiency for
performing their duties.

FLTIM (K ,M) Given k—number- of aircraft to satisfy the objective,
flight time is the sum of the lapses in time from
engine start of the 1st, 2nd, ..., kth aircraft from
the BOO to the objective unti l the return and landing
of the last aircraft to the BOO.

FUEL (K ,M). The amount of fuel to be consumed between takeoff
and landing aircraft type k in pursuit of mission
type m.

K. . A code that is designated to represent an aircraft
type k.

LWRLIM The lower limi t of the target variable which is chosen
for consideration if a sensitivity analysis is desired.

LYR ....... The last two digits of the year under consideration .
N..... A code that Is designated to represent a mission of

type m.

• MACC(K,M)....... A number which indicates whether an aircraft of type
Ic can perform a mission of type m. (0-no ; 1-yes)

$~1PFH.. The number of standard maintenance man-hours per flight
hour.

WITPER.......... The number of maintenance personnel assigned to the
target aircraft maintenance support unit. -

NA.............. A code that is designated to represent a specific
option for a given CH-47 aircraft fleet mix over a
20 year period.
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NC(K)........... The number of aircraft of type k in the fleet.

NOAC(K,M)....... The number of aircraft of type k designated to pursue
mission type m.

- 
- NOSMPL.......... The number of days the model was designated to run.

NOSRTY(K ,M)..I.. The number of sorties to be flown by aircraft type k
to complete missions of type in.

PERAVL.......... The percentage of the MNTPER who actua lly supports
the target aircraft maintenance support unit.

RL(L)........... The value of the distribution function at point L.
- (The method used for picki ng the appropriate mission.)

SHFTLN... The number of clock hours expended by a given
employee during her/his regular work day.

TACT(K IM)....... The actual time expended by aircraft type k to
complete mission type in.

TALLOW(K ,M)..... The amount of time that was pre-alloted for aircraft
type k to complete mission type in.

TMCAP(K,M). The number of sorties possible by aircraft type k in
the pre-alloted time multiplied by the maximum pay-
load of aircraft type k in short tons to compl ete
mission type m times the number of naut ical m i les
one-way from the pickup zone to the landing zone.

TMDEL(K,M)...... The actual number of short tons moved by aircraft
type k times the number of nautical miles f lown by
aircraft type k In the accomplishment of mi ssion type
m.

TNREQ(K,M) The movement of a given mass of material by aircraft
type k In pursuit of mission type in times the distance
traveled by aircraft type k In nauti cal miles.

UPRLIM.......... The upper limit of the target variable which is chosen
for consideration If a sensitivity analysis Is desired.

VRABL........... The target variable to be varied if a sensitivity
• analysis Is desired.

4 .
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1.2 Output Variables

Efficiency...... The cumulative TMDEL(K,M) by aircraft type k for all
missions flown during a day divided by the cumulative
pounds of FUEL(K,M). In 100-pound units , consume d by

- - aircraft type k for the required missions for that day.

Load Fill Ratio.... The cumulative TMDEL(K,M) by aircraft type k for all
missions flown during a day divided by the cumulative
TMREQ(K ,M) of aircraft type k for all mi ssions required
during that day,

Mission Fill Ratio.... The number of missions completed by aircraft
type k during a day divided by the number of missions
requested during that day.

Productivity Rate for One Unit of Time.... The cumulative TMDEL(K,M)
by aircraft type k for all missions flown during a
day.

Utilization Ratio.... The cumulative TMDEL(K,M) by aircraft type k for
all missions flown dc ring a day di vided by the cumula-
tive TMCAP(K,M) of aircraft type k for the required
missions for that day.
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APPENDI X B

JOB CONTROL LANGUAGE
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GLOSSARY -

Avai lability..... A measure of the system’s condition at the start of a
missi on. It Is a function of the relationships among

- 
- hardware, personnel , and procedures.

Capabi lity..5.... A measure of the system’s ability to achieve the
mission objectives, given the system’s condition during

- the mission. Capability specifically accounts for the
performance spectrum of the system.

Dependability.... A measure of the system’s condition at one or more points
during the mission, given the system’s condition at the
start of the mission .

Effectiveness.... The extent to which a target aircraft weapon system
performs the mission(s) for which It was designed or
purported.

Efficiency. The ratio of the work performed by the target air-
craft weapon system during a specified time peri od to
the energy, maintenance, etc. supplied to it duri ng
that time period.

Efficiency, CH-47... The cumulative short ton nautical miles (STNMs)
delivered by aircraft type k for all missions flown
during a day divided by the cumulative pounds of fuel
(in 100-pounds units) consumed by aircraft type k
for all missions flown duri ng that day.

— Load-Fill-Ratio , CH-47... The cumulative STNMs delivered by aircraft
type k for all missions flown during a day divided
by the cumulative STNMs required of aircraft type k
for all missions required for that day.

Measure of Effectiveness... A prominent factor or con~,onent whichdiscloses one facet of the effectiveness with which a
target aircraft weapon system performs the mission(s)
for which it was designed or purported.

IF - Plission-Fill-Ratlo , CH-47... The number of missions completed by aircraft
type k during a day divided by the number of missions

-5 ‘~~~~
- - requested during that day.

- 
- - 

Productivity, 0-1-47... The cumulative STNMs delivered bi aircraft type
k for all missions flown during a day.

Sortie........... The flying of a 01-47 on a one-way trip with payload
from the pickup or loading zone to the target zone.

28

~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~ - _________



System Effectiveness... A measure of the extent to which a system may be
expected to achieve a set of specific mission require-
ments. It is a function of the system’s availability,
dependability and capability .

Utilization Ratio... The cumulative STNMs delivered by aircraft
type k for all missions flown during a day divided by
the cumulative STNMs deliverable by aircraft type k
for the required missions for that day.
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APPENDIX E

LOCATION OF USER MATERIALS
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LOCATION OF USER MATERIALS

The source program and job control language (JCL) card decks
can be found i n the card f i les , Cabinet 2, Drawer 4 (from the top),
left si de, in the sixth floor computer room.
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